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The effects of atmospheric tur..lence in both horizontal and
near-horizontal flight, during the return of the Space Shuttle, are important
for determining design, control, and "pilot-in-the-loop" affects. A non-
recursive model (based on von Karman spectra) for atmospheric turbulence along
the flight pat): of the Shuttle Orbiter has beer .eveloped which provides for
simulation of instantaneous vertical an~ uorizontal gusts at the vehicle center-
of-gravity, and also for simulation of instantaneous gust gradients. Based on
this model the time series for both gusts and gust gradients have been generated
and stored on a series of magnetic tapes which are entitled Shuttle Simulation
Turbulence Tapes (SSTT). The time series are designed to represent atmospheric
turbulence from ground level to an altitude of 120,000 meters.

The purpose of this document is to provide any potential user of
the SSTT with an appropriate description of the characteristics of the simu-
lated turbulence stored on the tapes, as well as instructions regarding their
proper use. Section 2 contains a discussion of the characteristics of the
turbulence series, including the spectral shape, cutoff frequencies, and
variation of turbulence parameters with altitude. Information regarding
the tapes and their use is presented in Section 3. References cited are
included in Section 4. Appendices A and B present the results of spectral
and statistical analyses of the SSTT while examples of how the SSTT should
be used are provided in Appendix C.
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2. CHARACTERISTICS OF SIMULATED TURBULENCE

The non-recursive turbulence model used to generate the SSTT is
based on von Karman spectra with finite upper 1imits corresponding to the
dimensions of the Space Shuttle, relative to the scale of turbulence in the
atmosphere. Because the scale of turbulence increases with altitude while
the dimensions of the Space Shuttle are fixed, the finite upper limits of
the von Karman spectra increase with altitude. In order to take into account
these spectral changes, for each gust or gust gradient there are actually
six time series corresponding to six altitude bands extending from ground !
level to 120,050 meters, as indicated in Table 2-1. A more detailed description

of the characteristics of the turbulence is provided in the subsections which
follow.

———— o A o e

2.1 TURBULENCE GENERATION PROCEDURE

The six types of SSTT are presented in Table 2-2. For each gust and
gust gradient series indizated in the table, the generation procedure involved
conv~lving a discrete white noise signal of unit variance with a discrete ap-
proxime*ton of the impuls: response function corresponding to the appropriate,
dimensionless spectrum {1?. Each of the resulting series consists of 8500
discrete signals. The time interval, T,. associated with each series was based
on the madmum frequency for which the simulation procedure is considered valid.
These time intervals and the corresponding limiting frequencies, @
included in Table 2-1 along with the turbulence length scales, Ly

2.2 DIMENSIONLESS ENERGY CONTENT

ilmax’® are

Tre total dimensionless energy content of each time series for each
altitude band wes established by integrating the corresponding spectra over
the appropriate finite limits indicated in Tabie 2-1. The resulting energy
content is presented in Table 2-3. As might be expected the total dimension-
less energy content of each of the Eurbulent gust series is less than or equal
to unity. The dimensionless energy content for each gust gradient, however,

"Actually the term “energy"” is not prestse W dealing with gust gradients.

2-1
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TABLE 2-2. TYPES OF SIMULATED TURBULENCE

Corresponding

| L R

_Type Spectrum Comments

" 4 longitudinal gust
) @22 transver:a gust
uq 4533 vert, ? gust
auzlaxl @22/ 1 yan

29u3/25)(1 ¢33/11 pitch
du4/3x, 933,22 rol |

TABLE 2-3. DIMENSIONLESS ENERGY CONTENT
FOR GUSTS AND GUST GRADIENTS
LT ITUDE SPECTRUM

BAND |y %2 | %33 | %2211 | %331 | %3722
1 6225 | .s010 | .2752 | .se77 | .1s25 | .1s87
2 8595 | .8s60 | .s383 | 13.147 | 12.171 | 12.308
3 8956 | .8952 | .s809 | 24.767 | 22.643 | 22.890
4 9298 | .9296 | .9197 | 54.123 | 49.527 | 50.060
s 9977 | .9us3 | .9251 | 172¢0. | 41.71 | 95.62
6 1.000 | .9973 | .9363 | 2309. | s2.08 | 391.6




B~

Is not limited in such a manner and range as high as 391.6. For both gusts
and gqust gradients the to:ial enerqy content generally increases with altitude
because of similar increases in the limits of integration.

2.3 VALIDATION OF SIMULATED TURBULENCE

A spectra? analysis of each of the aimensionless time series has
been carried out by means of a Fast Fourier Transform FFT4 [2}. The results,
which are presented :n Appendix A, demonstrate that the simulated turbulence
possesses the proner van Karman spectral characteristics.

All of the dimensionless time series have al,o been analyzed sta-
tistically to determine the gust and gust gradient probability density functions.
As shcwn in Appendix B the results of these analyses indicate that both the
simulated gusts and gust gradients are normally distributed, with near-zero
means and .tandard deviations consistent with the energy content presented
in Table 2-3.
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3. USE OF SIMULATED TURBULENCE TAPES

The dimensionless simulated turbulence time series are stored 0n
six magnetic tapes as summarized in Table 3-1. Each tape actvally contains
s1x time series corresponding to the six altitude bands ¢asc.-ibea in Section
2. The appropriate procedures for reading the tapes are prosented in sub-
section 3.1, while ihe proper method for converting the time series from
dimensionless to dimensional form is descrioed in subsection 3.2.

TABLE 3-1. INDEX OF SHUTTLE SIMULATED
TURBULENCE TAPES {(SSTT)

__Tape Time Series Comments
SSTT-1 u; - gust longitudinal gust
SSTT-2 u, - gust transverse gust
SST7-3 us - gust vertical gu-t
SST7-4 auZ/ax1 = gust gradient yaw
SSTT-5 8u3/ax1 - gust Gradient pitch
SSTT-6 2m3/ax2 - gust gradient rol*

3.1 READING THE TIM SERIES TAPES

The six time series on each tape are stored is parallel In

6-word logical records and are correlated (®., at any pcint in the time
series the 6 turbulence values are all generated from the same string of
random numbers). Each time series CONSiSts of 8500 elements and thus each

tape contalnt 8500 6-word records. Pertinent characteristics of the tapes
are summarized in Table 3-2.

The first record on each tape contains a 36-character &lphanumeric
descriptor. the second record contains the time series identification number
(1-6), the rumber of points in the time szries, and the dimensionless gcnera-
tion time step size fOr each altitude band. The format for this record is

3-1



TABLE 3-2. MAGNE!IC TAPE CHARACTERISTICS

Host computer: HP 21-MX Minicomputer
Number of tracks: 9

Header type: Mu1-1ebel

{naracter type: . bit ASCII

Recording density: 300 bits per inch

"2110,6{1X,E14.7)". Following these two reccrds the time series is stored
in 6-word records as previously described and in the format "6(1X,E14.7)".
The order of storage in each record is from lowest to highesc altitude band.
Thus the first word in each record corresponds to band #1, the second to band
#., etc. Examples of the records as stored on the tapes are presented in
Appendix C.

In the actual use of the time series tapes the sampling frequency
may be different from the frequency at which the tapes were generated. In
fact, the dimensionless sampiing frequency will generally be variatie. There-
fore itwill be necessary to inturpolate the time series in order to get values
at the proper points in dimensional time. Either zero-order or first-order
interpolation should be used. Also, as time progresses and altitude changes,
It will be necessary to switch altitude bands in the time series consistent
with Table 2-1. Because of the manner in which the 6 time series are generated,
any discontiruity due to switching time series should be minimal.

3.2 CONYERSION TO DINENSPONAL VALUES

The dimensionless time series on each tape must be converted to
dimensional form before actual use in a simulstion exercise. The convarsion
process generally involves multiplication ara/or division by { . appropriate
turbulence parameters. Examples of the conversion process for both gust and
gust gradient time series are included in Appendix C.

For converting dimensionless gusts, uy» the corresponding standard
deviation, @4, should be used. Thus

*

3-2



where
*

ug - dimensionai gust
Jui

For dimensioniess gust gradient, el the parameters a5 and L; are used.
Thus 73

3 *

u. O, JU.

) *‘ . 1 (3-2)

X L. dx

i
where
° * . . .
u, /axj = dimensional gust gradient

In the case of dimensionless time it i s necessary to develop the
procedures for convertirg both from dimensionless to dimensional form,and also
to dimensionless fom dimensional. In proceeding from dimensionless to dimen-
sional time the dimensionless time step, Ti’ represents the basic unit to be

converted. The conversion involves the vehicle velocity, V, and the turbulence
ccale, L.l. Thus

w
at; = aL To/V (3-3)

where

*
oty = dimensional time step

It is important to note that because bgth Ly and V vary with altitude,

the resulting dimensional tine step Ati is not a constant. TO obtain dimensional
- . .

time, t;, a summation process IS involved as follows:

e «—
- * (3'4)
in . nzi'l Atin

3-3



where

in = Li(zn)
Vn = V(Zn)
z, = altitude at nth step

In converting to dimensiogless from dimensional time the basic unit, the
dimensional time step, st , will normally be a constant. The corresponding
dimensionless time interval, T, . will be
*
vt

Tim = al, {3-5)

The total dimensionless time, iy will be

M
tin = 2 Tin

*

st

M
b
m=1 aL}m

EEvn
a

mep MM (3-86)

The dimensionless time, time corresponds to some M* dimensionless time interva,s,
Ty plus some fractional interval, T', as follows:

tiy = MT s T (3-7)

where
O<T.<Ti

3-4



Thus the number of dimensionless time iIntervals, M°, can be computed

as

M= Int(tm/Ti)

u

im=

where
Int( )

integer value of ()

The fracticnal interval,T',can be computed by the relation

TUo= ot - MT (3-9)

The interpolation process will involve interpolating between t
at the point t., as shown in Figure 3-1.

‘:—-r.

1
T'-‘ —1
time

tinel

e ANd Loy

t. Time
iM'-1
‘m

Figure 3-1. Relationship Between t .y, t.y., and tinrel
In the conversion to or from dimensional values three parameters
are required: standard deviation, integral scale of turbulence, and vehicle
speed. The variation of the turbulence standard deviation, gy, with altftude
is presented in Table 3-3. The same table contains the turbulence Scale, "'i’

as a function of altitude. These tabulated values are consistent with JSC
0700 131.

The vehicle speed, V, fs a function of altitude but also ney vary

from one trajectory to another. Table 3-4 provides representative values Of
V as a function of altitude.

\t* M
Int("3 5_“,1 Vo /L) (3-8)

- Dimensionless

S——— - W

-

o

o
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TABLE 3-3. VARIATION OF STANDARD DEVIATICN
ND LENGTH SCALE WITH ALTITUDE*
STANDARD DEYIAT ION INTEGRAL SCALES
ALT | TUDE OF TURRLI FNCF OF THRRULENCE
(m)
al(m/sec)°r2(m/sec)]d3(m/secl L, (m) Ly(m) Ly(m)
10 2.31 1.67 1.15 21 11 5
20 2.58 1.98 1.46 33 19 11
30 2.75 2.20 1.71 43 28 17
a0 2.88 2.36 1.89 52 35 23
50 2.98 2.49 2.05 61 42 29
60 3.07 2.61 2.19 68 49 35
70 315 | 2.71 2.32 75 56 41
80 3.22 2.81 2.43 82 63 47
90 3.28 2.89 2.54 89 69 53
100 3.33 2.97 2.64 95 75 59
200 3.72 3.53 3.38 149 124 123
304.53.95/4.37}31.95/4-37"|3.95/4.39] 196/300 | 190/300| 192/300
400 4.39 4.39 439 300 300 300
500 4.39 439 4.39 300 300 300
600 4.39 4.39 4.39 300 300 300
700 4.39 4.39 4.39 200 300 300
762 |a.39/5.7008.39/5.7004.39/5.70| 300/533| 300/533 | 3001533
800 5.70 5.70 5.70 533 533 533
900 5.70 5.70 5.70 533 533 533
1524 |5.70/5.79|5.70/5.79|5.7015.79 533 533 533
2000 5.79 5.79 5.79 533 533 533
3048 }5.79/5.5245i.79/5.52|5.79/5.52 533 533 533
4900 £.52 5,52 5.52 533 533 533
5000 552 552 5.52 533 533 533
6096 |5.52/5.17%i.52/5.27]5. 52/5.271 533 533 533
7000 5.27 5.27 5.27 533 533 533
8000 5.27 5.27 5.27 533 533 533
0144 |5.21/8.29f6i.07/8. 2)5.27/4.22] 533 | 533 533
16000 4.22 422 4.22 533 533 537
L 20000 6.01 6.01 4.22 6691 6691 955

*
Double entries for a tabulated altitude indicate a step

change in standard deviation or integral scale at that altitude.
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TABLE 3-3. VARIATION OF STANDARD DEVIATION
ANO LENGTH SCALE WITH ALTITUDE (Continued)

STANDARD DEVIATION INTEGRAL SCALES
ALT:TUDE QF TuRe ENCE (OF TURBULENCE

{m)

%1 (m/sec 2 (m/sec )O3 (m/sec) Ll(m) Lz(m) L3(m)
270600 7.00 7.00 4,22 20000 20000 1230
30000 8.23 3.23 4.66 23533 23533 1443
40000 12.82 12.82 6.03 36693 36693 2231
50000 18.08 15.08 7.51 51786 51786 3128
60000 23.94 23.94 8.90 68623 68623 4124
70000 30.36 30.36 10.28 87063 87063 5208
80000 37.29 37.29 11.65 106998 106998 6376
30000 42.70 44.70 13.01 128338 128338 7622
100000 52.58 | 52.58 14.35 151010 151010 8%41
110000 63.39 60.89 15.69 174950 174950 10330
120000 69.62 69.62 17.02 200000 200000 ll&DJ

TABLE 3-4. VARIATION OF SHUTTLE SPEED
WITH ALTITUDF (6]

ALTITUDE - V

(m) (m/sec)
100 152
300 156
500 18
2000 170
4000 188
6000 200
8000 240
10000 300
20000 500
40000 1928
60000 4695
80000 7468
100000 7521
120000 7510
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APPENDIX A

SPECTRAL ANALYSIS OF SIMULATED TURBULENCE

By means of a Fast Fourier Trapsform {2] spectral analyses of all
simulated turbulence have been performed . The results are presented in
dimensionless form in Figures A-1 through A-36. Table A-1 provides a summar,
of these figures. Also included in each figure is the theoretical von Karman
spectra. The agreement between the theoretical spectra and the computed spectra
is quite satisfactory.

TABLE A-1. MATRIX OF SPECTRAL ANALYSIS FIGURES

—
SERIES ALTITUDE BAND
TYPE 1 2 3 4 5 6
uy A-1 A-2 A3 | A4 A5 | A
v, A-7 A-8 A-9 A-10 | A-11 | A-12
uy A-13 | A-14 A-15 A-16 A-17 | A-18
3uy/3x, A-19 A-20 A-21 A-22 A-23 | A-24
uy/av, | A-25 A-26 A-27 | A-28 A-29 A-30
2uq/ 8%, A-31 A-32 A-33 A-34 A-35 | A-36

|

*The spectral analysis isvolved the first 4096 terms of each time Series except
for bands 5 and 6 for the LY and U gusts. For these cases 8192 terms were used.
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APPENDIX B

STATISTICAL ANALYSIS OF SMULATED TURBULENCE

8y means of standard statistical analysis procedures each of the
SSTT has been analyzed to determine its mean value, standard deviation. and
probabi lity density distribution”. The resulting mean values are presented
in Table B-1 while Table 8-2 contains the resulting standard deviations.
As expected all men values were near zero. The standard deviations represent
the square root of the energy content. The ratic of the theoretical energy
content (From Table 2-3) to the square of the corresponding standard deviation

(from Table 8-2) is presented in Table 8-3. The agreement appears quite satis-
factory.

The gust and gust gradient probability density distributions are
presented in Figures 8-1 through 8-36 in accordance with Table 8-4. In each
figure the corresponding theoretical normal distribution is also presented.
The results indicate that both the gust and gust gradient time series are very
close to normal distributions.

TABLE B-1. MEAN VALUE OF GUST AND GUST GRADIENTS

SERIES ALTITUDE BAND
TYPE 1 2 3 4 5 6
uy -.019295 | -.042050 | -.051852 | ~.088142 | -.0455 | ~.0464
u, -.010671 | -.029576 | -.0371 | -.049431 | -.0428 | -.0441
ug -.006806 | -.029652 | -.037043 | -.049370 | -.043788 | -.046637
duy/axy |- 0u0002 | -.001572 | -.002794 | -.005628 | -.172152 | -.206385%
3u3/ax, | -.000001 | -.001591 | -.002798 | -.005649 | -.004293 | -.004893
3uy/ax, | -.005760 | -.073072 | -.103823 | -.160303 | -.171448 | -.288178

.The statistical analysis involved the first 4096 terms of each time series except
for bands § a d 6 for the Y and U, gusts. For these cases 8192 terms were used.
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TABLE B-2. STAMDARD DEVIATION OF GUST AND GLBT GRADIENTS

SERIES ALTITUDE BAND

TYPE 1 2 3 4 5 6

uy .788959 | .927098 | .946351 | .964271] .99888 .99996

v, .707845 | .925201 | .94619 .964152 | ,99764 .99863

uy .524571 | .915606 | .938552 | .958985| .961845 | 967651
duy/ax, | .766627 | 2625037 | 4.976118| 7.356808 |41.717292 | 08.052734
dug/ax, | .390512 | 3.488677 | 4.758426 | 7.037516 | 6.458092 | 7.216648
3uy/3x; | 394539 | 3.508280 | 4.784378 | 7.075349| 9.778736 | 19.790119

TABLE B-3. RATIO OF THE THEORETICAL ENERGY CONTENT"
TO THE SQUARE OF THE OBSERVED STANDARD DEVIATION'

SERIES ALTITUDE BAND

TYPE 1 2 3 . 5 6

Y 1.0001 | 1.0000 1.0000 1.0000 .9999 1.6801

v, .9999 | 1.0000 .9999 | 1.0000 | 1.0000 | 1.0000

vy 1.0000 | 1.0000 | 1.0000 | 1.0000 | 10000 | .9999
aup/axy | 1.0000 | 1.0000 | 1.0000 | 1.0000 .9998 1.0000
duy/ax, | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0061 1.0000
dug/ax; | 1.0002 | 1.0000 | 1.0000 | 1.0000 | 1.0000 .9999

B " .

'Theorottcﬂ energy content taken from Table 2-3.

Tobserved standard deviation taken from Table 8-2.
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TABLE 8-4. MATRIX OF STATISTICAL ANALYSIS FIGURES

SERIES ALTITUCE BAND

TYPE " T . — :
Yy 8-1 B-2 8-3 B-4 B-5 B-6
uy B-7 8-8 8-3 B- 10 B-11 B-12
uy 8-13 B-14 | B-15 B-16 R-17 B-18
3uy/axy R-19 6-20 8-21 | B8-72 3-23 8-24
3uy/ax, 8-25 8-26 3-27 8-28 8-29 | 8-30

Wi ey i OO Y0 W=
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APPENDIX C

EXAMPLE USE OF SSTT

The example which follows consists of two parts. In the first
part, covered in subsection C.|, sample records from two tapes are presented
and explained. In the second part, described in subsection C.2, the dimension-

lees time series corresponding to the same records are converted to dimensional
form.

C. 1 EXAMPLE RECORDS FROM SSTT-1 AND SSTT-4

In order to provide the user with a clear picture of the manner in
which the data are organized on each tape the first 40 records actually stored
on SSTT-1 and SSTT-4 are presented in Tables C-1 and C-2 respectively. The
first record on each tape contains a 36-character alphanumeric descriptor. The
second record contains the tine series identification number (1-6), the number
of psints in the time series, and the dimensionless generation time step site
for each altitude band. The format for this record is “2110,4(1X,E14.7)".
Following these two records, the time series is stored in 6-word records with
*he format "6(1X,E14.7)". The order of storage in each record is from lowest
to highest altitude band. Thus the first word in each record corresponds to
band #1, the second to band #2, etc.

C.2 EXAMPLE cONVERSION FROM DIMENSIONLESS TO DIMENSIONAL TIME SERIES

c2.1 Conversion of Gust Time Series, ul(tn)

As an example, the Space Shuttle is assumed to be at the following
point in its descent trajectory:

altitude (Zn) - 9060 m
velocity (Vn) - 270 m/sec

This point in the trajectory for simplicity is assumed to correspond to the
first trm (N=1) in the dimensionless time series as recorded in the third

record of $§TT-1 presented in Table C«1. The conversion steps proceed as
follows:

c-1

P et
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Establish Proper Value for Index, i = Based On Table 2-1, ¢or

Uy gusts, i=1

Establish Altitude Sand - Based on Table 2-1 with tl = 9000 m,

the proper altitude band would be #4.

Read Dimensionless Time Increment, T1 = Based on the sixth word
(corresponding to Altitude Band #4) in the gecond record in
SSTT-1, as presented in Table C-1, the dimensionless time
increment, Tl’ would be ,05308717.

Determine Inteqgral Scale, L1 - Based on Talle 3-3, with
Zl = 9000 m, the praper integral scale, LI’ would be 533 meters.

Compute Dimensional Time -

1
* *
t 11 : 21 ut ln
n:

1
ale-:lL 1n/ vn
n=

(1.339)-(.05308717;+(533/270)

.1403 sec

14

Read Dimensionless Gust - Based on the fourth word (corresponding
to Altitude Band #4) in the third record (corresponding to N=1)
the dirensionless gust value is -,4110189.

Determine Standard Deviation in Direction of Gust ~ Based on
Table 3-3 with 21 = 9000 m, the proper standard deviation,
Oy would be 5.27 m/sec.

Computc Dimensional Gust -

_i

Uy * oY
= (5,27)(-.4110189)
= 217 m/sec

c-4
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C.7.2 Conversion of Gust Gradient Time Seri=s, auz/aui(tn)

In this example the same altitude and velocity are assumed for the
Space Shuttle as in subsection C21. This point in the trajectory, for
simplicity, is assumed to correspond to the #iret term {N=1) in the dimen-
sionless time series as recorded in the th“rd record of SSTT4 presented
in Table C-2. The conversion steps proceed as follows:

1. Establish f~oper Value for Index, i - Based on Table 2-2 for
auz/axl gust gradients, i = 2

2. Establish Altitude Band - Based on Table 2-! with Z
the proper altitude band would be Y4.

= 9000 m,

1

3. Read Dimensionless Time Increnant, T2 = Eased On the gixth word
(corresponding to Altitude Band #4) in the second record in
SSTT-1, as presented in Table C-2, the dimensionless time incre-
ment, T2, would be .05308717,

4. Determine Integral Scale, L2 - Based on Table 3-3, with
Z1 = 900 m, the proper integral scale, LZ’ would be 533 meters.

5. Compute Dimensional Time =

b 4 h -
ta * 2 0,
n=1 )
* aT2 Z LZn/Vn
n=1
* (1.339)+(.05308717)+(533/270)

s 1403 sec

6. Read Dimensionless Gust Gradient - Based on the ,cwrth WOId
(corresponding to Altitude Band #4) in the third record (corres-
ponding t0 N=1) the dimensicaless gust gradient value 15 -4.476854.

7. Determine Standard Oeviation in Direction of Gust = Based 0N
Table 3.3 with Z, = 9000 m, the proper standard deviation,
7Y would be 527 w/sec.

C-5



8. Compute Dimensional Gust Gradient -

*
d_u.g_ 0y Bu?_ - L
ax Lp o
_ (3D (-a.a76854)
- -.044 sec”!

C6
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NASA CONTRACTOR REPORT CR-161890

ERRATA

ADVANCED SHUTTLE SIMULATION TURBULENCE TAPES (SSTT) USERS GUIDE
By Frank B. Tatom and S. Ray Smith

September 29, 1981

Cover: Part of title has bheen omitted; add words "Users Guide" to end
of title.

Pages ii, 2-2, 3-7, 4-1, C-5. Replace with attached pages ii, 2-2, 3-7,
4-1, and C-5.

These changes are necessary to clarify
and correct errors in instructions for
use of the tapes.
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TABLE 3-3.

VARIATION OF STANDARD DEVIATION

AND LENGTH SCALE WITH ALTITUDE (Continued)

ALTITUDE

STANDARD DEVIATION

OF TURBULENCE

INTEGRAL SCALES
OF TURBULENCE

(m)

Gl(m/sec)

%2 (m/sec)

93(m/sec)

L | Lm | Ly

7.00

8.23
12.82
18.08
2B.HA
30.36
37.29
44.70
52.58
60.89
69.62

7.00

8.23
12.82
18.08
23.94
30.36
37.29
44.70
52.58
60.89
69.62

4.2
4.66
6.09
7.51
8.0
10.28
11.65
13.01
14.35
15.80
7.2

1443
2231

4124

7622
8A1

TABLE 3-4.

VARIATION OF SHUTTLE SPEED

WITH ALTITUDE (4]

ALTITUDE
(m)

v

(m/sec)

100
300

152
15
18
10
188
20
240
30
90

198

466

7463
7521
7310

3-7
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c.2.2 Conversion of Gust Gradient Time. Series, 8u2/ax1(tn)

In this example the same altitude and velocity are assumed for the
Space Shuttle as in subsection C.2.1. This point in the trajectory, for
simplicity, is assumed to correspond to the first term (N=1) in the dimen-
sionless time series as recorded in the third record of SSTT-4 presented

in Table C-2.

1

The conversion steps proceed as follows:

Establish Proper Value for Index, 1 - Based on Table 2-1 for
Z)uz/'ax1 gust gradients, i = 2.

Establish Altitude Band = Based on Table 2-1 with Z
the proper altitude band would be #4.

= 9000 m,

1

Read Dimensionless Time Increment, T2 - Based on the sizth word
(corresponding to Altitude Band #4) in the second record in
SSTT-1, as presented in Table C-2, the dimensionless time incre-
ment, TZ’ would be .05308717.

Determine Integral Scale, L2 ~ Based on Table 3-3, with
Z1 =9000m, the proper integral scale, L2’ would be 533 meters.

Compute Dimensional Time ~

i
* *
to =ZAt2n

n=1 1

aTy > Lon/Vy

n=I

= (1.339) *(,05308717) *(533/270)

.1403 sec

Read Dimensionless Gust Gradient - Based On the fowrth word
(corresponding to Altitude Band #4) in the third record (corres-
ponding to N=1) the dimensionless gust gradient value is -4.476854.

Determine Standard Deviation in Direction of Gust - Based on
Table 3-3 with Z1 = 9000 m, the proper standard deviation,
Oos would be 5.27 m/sec.

c-5
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